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IL.I,3 has been previously shown toact as a cytotoxic agent in islets. Here we show by electron microscopy of al$inate ncapsulated islets, that 
islet cell lysis is induced by culturing islets for 24 or 48 h in the presence of IL.I~. The extent of lysis depends on the IL-1,6 concentration a d is 
slightly enhanced by the addition of TNF-g. Calls can be protected from lysis by N°-monomethyl-L-arginine. Lysis is paralleled by an increase 
in nitrite concentration i  culture supernatants of whole islets but not in supernatants of isolated endocrine cells. The results indicate that IL-I/~ 
toxicity occurs via inducing in non-endocrine islet cells the synthesis and release of nitric oxide, which as been shown earlier to be highly toxic 
for islet cells, 
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1, INTRODUCTION 
Progressive auto-destruction of pancreatic insulin- 
producing beta cells leads to ype 1 insulin-dependent 
diabetes mellitus. Macrophages have been repeatedly 
shown to play a crucial role in early phases of disease 
development in animal models: they constitute the 
major infiltrating cell type during early insulitis in BB 
rats [1], NOD mice [2] and low-dose streptozotocin- 
treated mice [3]. Impairment of maerophage function 
prevents disease manifestation in these animals [3-5]. 
Activated but not resident macrophages were found to 
rapidly and effectively kill islet ceils but not hepatocytes 
or thyroeytes [6]. 
The macrophage product, IL-1/3, has been found to 
cause functional impairment and lysis of islet cells [7]. 
IL-I,O alone or in synergy with TNF-ct and IFN- was 
shown to slowly kill islet cells in isolated islets ur 
perfused pancreata [8-10]. 
We have recently demonstrated that activated macro- 
phages rapidly kill islet cells via arginine-dependent 
nitric oxide generation [11]. We now provide evidence 
that IL-1,8-mcdiated eytotoxicity involves nitric oxide 
formation by subpopulations of cells within the islet. 
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Abbr~v;.tio,w.:iL-lfl, int~rleukin-l,~; NAME. ,Va.nitro.L-arginL~e - 
methylester; NMA, A~-monomethyl.L-arginine; IFN-~,, interferon-z; 
TNF-% tumor necrosis factor-'*. 
2, MATERIALS AND METHODS 
2.1, Materials 
Sodium alginate of low viscosity from Macraeystis pyrtfera, N G.
methyl-L-arginine (NMA) and N~-nitro-L-arginine-methylester 
(NAME) were from Sigma (Deisenhofen, Germany), rhu IL-I.B (>5 
x 10 a U/me) and TNF-a (2 × 107 U/me) from GermTm¢ (Cambridge, 
USA). 
2.2. Animals 
Male I.~wis rats (200 g) from a local breeding source r~ived a 
standard iet ('ssniff-R', $sniff, Soest, Germany) and tap water ad 
libitum, 
2,3. Encapsulation f iMets in atginate beads 
Rat pancreatic islets were harvestM by ductal inj~-"tion of col. 
lagenas¢, submitted to gradient ~trifngation and cultured in RPMI/ 
10% FCS for 16--IB h for recovery exactly as d¢~-ribe~ previously [12]. 
Subsequently 7-8 islets of medium size were suspended under the 
microscope in a dc~ alginate stock solution (4% al~nat~ dis- 
solved (w/v) in 20 mM TRIS-HCI/100 mM NaCI (TBS), pH 7.3). 3 
/A of the suspension were carefully ge at~gi inTBS containing 50 mM 
C~CI 2 and washed with TBS and RPMI/10% FCS. 
2,4, Cell culture 
Single alginate beads containing th= bolate.d islets were incubated 
in 400/J! RPMI/10% FCS in 1.5 ml micro .~lrnple tubes (Sarstedt, 
Nllmbroeht.Rommdsdorf, Genrnany) in the absence or pr¢~nce of 
cytokines and L-arl~inine derivatives. 
2,5, Electron dcro$copy 
Fixation, dehydration and embedding of the alginat¢.cncapsulated 
islets were all carried out in the micro sample tubes exactly as de- 
scribed before [12l. From each preparation microsraphs of¢.quatoriai 
~¢tions of :5-7 different islet, were used to determine the lmrCantage 
of!ysis by measuring ly~d vs, intact islet areas, Each experiment was 
perl'ormed 2 3 times. 
2,6, Nitrite determination 
To measure the amount of nitrite generated during islet culture 30 
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Fig. 1. 1L-l,8-induced islet cell lysis in alginate-encapsulated islets. 
Lysis was measured on electron rr, icrographs; values are given as 
percent area with lys~l cells/area of total islets. Values are from sec. 
tions throash 8-34 islets from 2-5 different experiments. 
non.encapsulated islets were cultured in 200 #1 RPMI + FC$ for 72 
h in the presence of the compounds indicated and supernatants re- 
moved for measurements of nitrite. Islets were always cultured for 24 
h prior to onset of experiments. Nitrite concentrations in culture 
supernatants were determined by diazotization r~action as described 
using NaNOa as a standard [13]. 
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Fig. 2. Inhibition of IL-lp-induced islet cell lysis. Alginatc-encapsu- 
late, d islets were cultured in the presence of [L-I]~ for 24 h and the 
extent of lysis evaluated as in Fig. 1. The IL-l/~-mediated cytotoxic 
eff~t (open bars) is inhibit~l in the presence of NMA (0,5 raM, striped 
bars) but not significantly by NAME (0.5 mM, dotted bars), nor was 
lysis inhibited when culturing in k-arginine-fr~ medium (hatched 
bars). NMA inhibition of lysis was highly significant (P < 0.001) in 
all IL-l,8 concentrations. 
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Fig. 3. Nitrite concentrations in whole islet culture supernatants. 
Whole islets were cultured in the prcsen~ of IL-l~ (200 U/ml) alone 
or in combination with TNFa  (500 U/ml). The significant (*P < 0,002) 
increase in nitrite concentrations (open bars) is inhibited (P < 0,002) 
to control values by the addition of 0.5 mM NMA (striped bars) and 
slightly by 0.5 mM NAME (dotted bars). Values are the mean of 2-3 
individual experiments. 
3, RESULTS 
Alginate-encapsulated islets were cultured for up to 
48 h in RPMI  plus 10% FCS in the presence or absence 
of IL-I~. Specimens were then processed for transmis- 
sion electron microscopy. On  micrographs of whole islet 
sections the areas of lysed and intact tissue were 
measured, the alginate capsule protecting loss from 
lysed cells. Islet cell lysis was easily recognized by 
broken plasma membranes always accompanied by loss 
of electron dense cytoplasmic content as described 
earlier in detail [6,12]. Fig. l shows that islet cell lysis 
is dependent upon both concentration of IL-l~ and time 
of incubation. 
When islets were cultured in the presence of both 
IL-l~ plus the arginine antagonist, NMA (0.5 raM), a 
marked inhibition of lysis was seen. The protective 
effect of NMA was found with all concentrations of 
IL-l]~ (Fig. 2). The slightly enhanced lysis found in the 
presence of IL-I~ (50 U/ml) plus TNF-0~ (100 U/ml) was 
equally well inhibited by NMA.  However, neither 
culturing in the absence of arginine nor addition of 
NAME protected islets significantly (Fig. 2). 
From supernatants of islets cultured in the presence 
of the agents indicated (Fig. 3) the amount of nitrite was 
measured as an equivalent for the nitric oxide formed. 
Culturing in the presence of IL-lfl leads to a significant 
increase of nitrite concentration, which is completely 
inhibited by the addition of NMA (0.5 raM) and partly 
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Fi 8. 4. Electron micrographs from parts of alginate-cncapsulated islets. Islets were cultured for 24 h in the presen~ of(a) IL-I~ (50 U/ml) or (b) 
in the presence of both IL.I/~ plus NMA (0.5 raM). I L-l/~-induced lysis occurs in a chequerboard-lik¢ pattern throughout islets, often in the vicinity 
of non.endocrine islet cells (neD. NMA .~xerts full protection from induced lysis, and islet morphology is indistinguishable from sham-trcateal 
controls (not shown). Arrows point to border of alginate; asterisks mark lysed cells or areas with several lysed cells. Magnification, xl9,200. 
inhibited by NAME (0.5 raM). If whole islets were dis- 
sociated into single cells and endocrine cells cultured 
under identical conditions no increase in nitrite con. 
centration was found. Nitrite concentrations in i let cell 
cultures (8 × 104 in 200 #1, 24 h) in the presence of IL-1/~ 
concentrations from 10-200 U/ml were not significantly 
different from the control, always < 1 nmol nitrite (n = 
6). 
Electron micrographs show that IL-1/~-induced islet 
cell lysis usually occurs in a chequerboard-like pattern 
(Fig. 4a) and that islets cultured in the presence of IL-I~ 
plus NMA (Fig. 4b) exhibit normal morphology com- 
parable to untreated controls. 
4. DISCUSSION 
The results described show that the cytotoxic activity 
of IL-lfl towards pancreatic slets has the characteristics 
of nitric oxide- mediated cytotoxicity: islet lysis is in- 
hibited by the arginine analogue, NMA, and lysis is 
paralleled by an increase of the nitrite concentration in 
the supernatants. These data are in accord with our 
previous observation, namely that activated macro- 
phages lyse isolated islet cells via the arginine-depend- 
ent formation of nitric oxide [11]. It is of interest hat 
non-toxic actions of IL-1/~ on beta islet cells, i.e. the 
modulation of insulin secretion after glucose challenge, 
also have been reported [7,10]. And it was shown very 
recently that the 1L-1/~-induced inhibition of insulin 
secretion is also reversible by adding NMA [14,15]. 
Islets contain a dense capillary network [I 6] and endo- 
thelial cells have been shown to be inducible for generat- 
ing large amounts of nitric oxide by cytokines, eSl~- 
cially IL-1]~ in synergny with TNF~ and/or IFN-7 [17- 
20]. Indeed, we find that the slightly enhanced lysis seen 
in the presence of both IL-I~ and TNF was also com- 
pletely blocked by NMA. The finding that isolated en- 
docrine cells did not generate measurable l vels of 
nitrite in contrast o whole islets further supports the 
hypothesis that the non-endocrine c lls within an islet, 
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i.e. endothelial cells, fibroblasts and/or esident macro- 
phages, generate toxic amounts of nitric oxide in the 
presence of IL-la. 
Islets were not protected by omitting L-arginine from 
the culture medium; this may be due to either a large 
enough pool of arginine in islets or due to the ability of 
endothelial cells to form arginine from citrulline [21]. 
Work is in progress to characterize inducible nitric 
oxide generv.tion in isolated islet capillary endothelial 
cells. 
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